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S5 (57) Abstract: A process for forming sub-litho- 

graphic features in an integrated circuit is disclosed 
herein. The process includes modifying a photoresist 
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modified photoresist layer (16) has different etch rates 
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photoresist layer (16) is trimmed with a plasma etch. 
A feature (54) included in the trimmed photoresist 
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PROCESS FOR FORMING SUB-LITHOGRAPHIC 
PHOTORESIST FEATURES 

CROSS REFERENCE TO RELATED APPLICATIONS 

The present application is related to U.S. Application No. 09/819,692 (Atty. Dkt No. 
39153/404 (F0943)) by Okoroanyanwu et al., entitled "Process for Preventing Deformation of Patterned 
Photoresist Features by Electron Beam Stabilization;" U.S. Application No. 09/820,143 (Atty. Dkt. No. 
5 39153/405 (F0945)) by Okoroanyanwu et al., entitled "Improving SEM Inspection and Analysis of Patterned 
Photoresist Features;" U.S. Application No. 09/819,344 (Atty. Dkt. No. 39153/406 (F1061)) by Okoroanyanwu 
et al., entitled "Process for Reducing the Critical Dimensions of Integrated Circuit Device Features;" U.S. 
Application No. 09/819,343 (Atty. Dkt No. 39153/298 (F0785)) by Gabriel et al., entitled "Selective Photoresist 
Hardening to Facilitate Lateral Trimming;" and U.S. Application No. 09/819,552 (Atty. Dkt. No. 39153/310 
10 (F0797)) by Gabriel et al., entitled "Process for Improving the Etch Stability of Ulta-Thin Photoresist," all filed 
on an even date herewith and assigned to the Assignee of the present application. 

TECHNICAL FIELD 

The present invention relates generally to integrated circuit (IC) fabrication. More particularly, 
the present invention relates to fabrication of IC features having sub-lithographic lateral dimensions using 
modified photoresist surfaces. 

BACKGROUND ART 

15 The semiconductor or integrated circuit (IC) industry aims to manufacture ICs with higher and 

higher densities of devices on a smaller chip area to achieve greater functionality and to reduce manufacturing 
costs. This desire for large scale integration requires continued shrinking of circuit dimensions and device 
features. The ability to reduce the size of structures, such as, gate lengths in field-effect transistors and the width 
of conductive lines, is driven by lithographic performance. 

IC fabrication techniques often utilize a photomask (also referred to as a mask) or a reticle. 
Radiation is provided through or reflected off the mask or reticle to form an image on a semiconductor wafer. 
Generally, the image is projected and patterned onto a layer of material, such as, photoresist material, on the 
wafer. In turn, the patterned photoresist material is utilized to define doping regions, deposition regions, etching 
regions, and/or other structures of the IC. The patterned photoresist material can also define conductive lines or 
conductive pads associated with metal layers of the IC. Further, the patterned photoresist material can define 
isolation regions, transistor gates, or other device structures and elements. 

To transfer an image or pattern onto the photoresist material, lithography systems include a 
light source configured to provide electromagnetic radiation or light at one or more wavelengths. The fight 
source may produce radiation at a wavelength of 365 nanometers (nm), 248 nm, and/or 193 nm. The photoresist 
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material patterned by such radiation is selected to be responsive to the wavelength of such radiation. Preferably, 
the areas of the photoresist material upon which radiation is incident undergo a photochemical change such that it 
becomes suitably soluble or insoluble in a subsequent developing process step. 

As IC device dimensions continue to shrink, it becomes necessary to define dimensions that are 
5 smaller than possible using conventional lithographic techniques. One method for achieving sub-lithographic 
device dimensions is by reducing or "trinraiing" features defined on the patterned photoresist material before 
such features are patterned onto the underlying layer(s). This method, commonly referred to as a resist trim or 
trimming process, utilizes a plasma etch to remove some of the patterned photoresist material such that the 
dimensions of the trimmed features are smaller than the original lithographically patterned features using the 
10 mask or reticle. In a conventional resist trimming process, the plasma bombards all surfaces of the patterned 

photoresist material, such that top surfaces as well as side or lateral surfaces of the patterned photoresist material 
are etched. Hence, as the triinming time is increased (i.e., the patterned photoresist material is exposed to the 
plasma etch for a longer period of time) to further reduce lateral dimensions (i.e., further etch the side surfaces, 
thereby reducing the width of features, such as, contact lines), the thickness of the patterned photoresist material 
15 is also reduced (due to erosion of its top surfaces). Unfortunately, with enough thinning of the patterned 
photoresist material, there may not be enough photoresist thickness remaining to survive or with which to 
perform subsequent processes, such as pattern transfer to underlying layer(s) via an etch process. 

To combat such photoresist thinning problems, a thicker layer of photoresist material may be 
utilized. Although thicker photoresist material addresses the resist thinning that occurs during the triniming 

20 process, thicker photoresist material are susceptible to pattern deformation and/or incomplete pattern transfer. 
Because the resolution of features is, in part, proportional to the inverse of the exposure or lithographic 
wavelength, it is desirable to pattern photoresist material using shorter exposure wavelengths (e.g., 157 ran, 126 
nm, or 13.4 nm). Presently, no photoresist materials exist that are specifically suited for such shorter exposure 
wavelengths. Instead, photoresist materials conventionally used in 265 nm, 248 nm, or 193 nm lithography are 

25 utilized. These longer wavelength photoresist materials exhibit high optical absorption per unit thickness at the 
shorter exposure wavelengths. Hence, the longer wavelength photoresist materials are increasingly opaque to 
shorter wavelength radiation and the necessary photochemical change does not occur throughout the entire 
thickness of the material. As the photoresist material thickness is increased, incomplete pattern transfer 
throughout the entire thickness of the material is more likely to occur. 

30 Alternatively, even if complete pattern transfer has occurred, prolonged trimming (to achieve 

very narrow features in the patterned photoresist material) can cause pattern deformation, such as, pattern 
collapse, pattern bending, or pattern breakage. Since pattern deformation of a given patterned feature is a 
function of its aspect ratio (i.e., the ratio of the height vs. the width of the patterned feature), a thicker photoresist 
material will more likely result in pattern deformation. Thus, using a conventional thickness of photoresist 

35 material allows for less lateral trimming due to vertical consumption concerns. Namely, since the plasma etch 
also thins the photoresist as it narrows the patterned features, the trimming process must be stopped before 
maximum lateral reduction has been achieved to ensure that a thick enough layer of patterned photoresist 
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material remains for subsequent processes (e.g., etch processes for pattern transfer to underlying layer(s), such as 
a poly silicon gate formation). On the other hand, starting with a thicker layer of photoresist material to permit 
prolonged trimming is also problematic due to incomplete pattern transfer and/or pattern deformation concerns. 

Thus, there is a need for a process for permitting a conventional photoresist trimming process 
5 to be utilized to its maximum potential. There is a further need for a process for laterally trimming patterned 
features on a photoresist material without such photoresist material having associated therewith pattern 
deformation, incomplete pattern transfer, or insufficient vertical thickness for subsequent lithographic processes. 
Even further still, there is a need for a process for forming sub-lithographic photoresist features without extensive 
modification to conventional lithographic techniques, tools, materials, or equipment or significantly decreasing 
10 throughout. 

DISCLOSURE OF THE INVENTION 

One exemplary embodiment relates to a method of trimming a feature patterned on a 
photoresist layer. The photoresist layer is disposed over a substrate and the feature includes a top portion and 
lateral surfaces. The method includes modifying the top portion of the feature patterned on the photoresist layer 
to form a modified top portion. The method further includes trimming the feature patterned on the photoresist 
15 layer to form a trimmed feature. A vertical trim rate and a lateral trim rate are associated with the feature. The 
vertical trim rate is slower than the lateral trim rate due to the modified top portion. 

Another exemplary embodiment relates to an integrated circuit fabrication process. The 
process includes developing a patterned photoresist layer, and modifying the patterned photoresist layer to form a 
top portion and a bottom portion of the at least one feature. The patterned photoresist layer includes at least one 
20 feature. The top portion has a top etch rate and the bottom portion has a bottom etch rate. The top etch rate is 
different from the bottom etch rate. The process further includes etching the patterned photoresist layer to 
change the at least one feature to have a sub-lithographic lateral dimension and a sufficient vertical thickness to 
maintain pattern integrity. 

Still another exemplary embodiment relates to an integrated circuit having a feature of sub- 
25 lithographic dimension. The feature is formed by the process including patterning the feature on a photoresist 

layer disposed over a substrate, developing the feature patterned on the photoresist layer, and changing at least a 

portion of the photoresist layer. The feature is patterned in accordance with a radiation at a lithographic 

i 

wavelength and a pattern provided on a mask or a reticle. A top portion of the feature patterned on the 
photoresist layer is changed to have a different etch rate from a bottom portion of the feature patterned on the 
30 photoresist layer. The process further includes humming the feature patterned on the photoresist layer to a sub- 
lithographic dimension, and transferring the trimmed feature patterned on the photoresist layer to the substrate. 
The feature in the substrate has the sub-lithographic dimension. 
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BRIEF DESCRIPTION OF DRAWINGS 

The exemplary embodiments will become more fully understood from the following detailed 
description, taken in conjunction with the accompanying drawings, wherein like reference numerals denote like 
elements, in which: 

FIG. 1 is a general schematic block diagram of a lithographic system for patterning a wafer in 
accordance with an exemplary embodiment; 

FIG. 2 is a schematic cross-sectional view of the wafer illustrated in FIG. 1, showing an 
electron beam curing step; 

FIG. 3 is a schematic cross-sectional view of the wafer illustrated in FIG. 2, showing a partial 
resist trimming step; 

FIG. 4 is a schematic cross-sectional view of the wafer illustrated in FIG. 3, showing a full 
resist trimming step; 

FIG. 5 is a schematic cross-sectional view of the wafer illustrated in FIG. 4, showing an etch 

step; and 

FIG. 6 is a plot showing the relative etch rates for photoresist material cured at varying doses 
of an electron beam for different etch chemistries. 

MODES FOR CARRYING OUT THE INVENTION 

Referring to FIG. 1, there is shown a wafer 13 in a lithographic system 10. Lithographic 
system 10 includes a chamber 50, a light source 22, a condenser lens assembly 24, a mask or a reticle 18, an 
objective lens assembly 26, and a stage 11. Lithographic system 10 is configured to transfer a pattern or image 
provided on mask or reticle 18 to wafer 13. Lithographic system 10 may be a lithographic camera or stepper 
unit. For example, lithographic system 10 may be a PAS 5500/900 series machine manufactured by ASML, a 
rnicroscan DUV system manufactured by Silicon Valley Group, or an XLS family microlithography system 
manufactured by Integrated Solutions, Inc. of Korea. 

Wafer 13 includes a substrate 12, a layer 14, and a photoresist layer 16. Photoresist layer 16 is 
disposed over layer 14, and layer 14 is disposed over substrate 12. Wafer 13 can be an entire integrated circuit 
(IC) wafer or a part of an IC wafer. Wafer 13 can be a part of an IC, such as, a memory, a processing unit, an 
input/output device, etc. Substrate 12 can be a semiconductor substrate, such as, silicon, gallium arsenide, 
germanium, or other substrate material. Substrate 12 can include one or more layers of material and/or features, 
such as lines, interconnects, vias, doped regions, etc., and can further include devices, such as, transistors, 
microactuators, microsensors, capacitors, resistors, diodes, etc. 
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Layer 14 can be an insulative layer, a conductive layer, a barrier layer, or other layer of 
material to be etched, doped, or layered. In one embodiment, layer 14 can comprise one or more layers of 
materials, such as, a polysilicon stack comprised of a plurality of alternating layers of organic or inorganic anti- 
reflective coating (ARC) over doped or undoped polysilicon. In another embodiment, layer 14 is a hard mask 
5 layer, such as, a silicon nitride layer or a metal layer. The hard mask layer can serve as a patterned layer for 
processing substrate 12 or for processing a layer upon substrate 12. In yet another embodiment, layer 14 is an 
anti-reflective coating (ARC). Substrate 12 and layer 14 are not described in a limiting fashion, and can each 
comprise a conductive, semiconductive, or insulative material. 

Photoresist layer 16 can comprise a variety of photoresist chemicals suitable for lithographic 
10 applications. Photoresist layer 16 is selected to have photochemical reactions in response to electromagnetic 
radiation emitted from light source 22. Materials comprising photoresist layer 16 can include, among others, a 
matrix material or resin, a sensitizer or inhibitor, and a solvent. Photoresist layer 16 is preferably a chemically 
amplified, positive or negative tone, organic based photoresist. For example, photoresist layer 16 may comprise 
PAR700 photoresist manufactured by Sumitomo Chemical Company. Photoresist layer 16 is deposited, for 
15 example, by spin-coating over layer 14. Photoresist layer 16 is provided at a thickness of less than 1.0 \im. 

Chamber 50 of lithographic system 10 can be a vacuum or low pressure chamber for use in 
vacuum ultraviolet (VUV) lithography. Chamber 50 can contain any of numerous types of atmospheres, such as, 
nitrogen, etc. Alternatively, lithographic system 10 can be utilized in various other types of lithography including 
lithography that uses electromagnetic radiation at any number of wavelengths. 

20 Light source 22 provides light or electromagnetic radiation through condenser lens assembly 

24, mask or reticle 18, and objective lens assembly 26 to photoresist layer 16. Light source 22 is an excimer 
laser, in one embodiment, having a wavelength of 365 nm, 248 nm, 193 am, or 157 nm. Alternatively, light 
source 22 may be a variety of other light sources capable of emitting radiation having a wavelength in the 
ultraviolet (UV), vacuum ultraviolet (VUV), deep ultraviolet (DUV), or extreme ultraviolet (EUV) range. 

25 Assemblies 24 and 26 include lenses, mirrors, collimators, beam splitters, and/or other optical 

components to suitably focus and direct a pattern of radiation (i.e., radiation from light source 22 as modified by 
a pattern or image provided on mask or reticle 18) onto photoresist layer 16. Stage 1 1 supports wafer 13 and can 
move wafer 13 relative to assembly 26. 

Mask or reticle 18 is a binary mask in one embodiment. Mask or reticle 18 includes a 
30 translucent substrate 21 (e.g., glass or quartz) and an opaque or patterned layer 20 (e.g., chromium or chromium 
oxide) thereon. Opaque layer 20 provides a pattern or image associated with a desired circuit pattern, features, or 
devices to be projected onto photoresist layer 16. Alternatively, mask or reticle 18 may be an attenuating phase 
shift mask, an alternating phase shift mask, or other type of mask or reticle. 

Utilizing lithographic system 10, the pattern or image on mask or reticle 18 is patterned on 
35 photoresist layer 16. After the patterned photoresist layer 16 is developed but before such a pattern is transferred 
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onto any of the underlying layers, such as, layer 14, an electron beam exposure step is performed, as shown in 
FIG. 2. It should be understood that wafer 13 may be removed from chamber 50 and positioned within a 
different chamber and/or a different environment with tools, such as a flood electron beam source (not shown), 
for this electron beam exposure step. 

5 In the electron beam exposure step, also referred to as an electron beam curing step or a resist 

curing step, wafer 13 is flood exposed with an electron beam 52. In FIG. 2, a cross-sectional view of a portion of 
wafer 13, and in particular a line feature 54 patterned on layer 16, is shown undergoing the curing process. In 
one embodiment, line feature 54 has an initial or nominal lateral dimension 56 of approximately 150 nm for an 
193 nm lithographic system 10. 

10 Electron beam 52 is preferably emitted from an extended area electron source (not shown) and 

is a uniform collimated beam that is flood exposed over the entire wafer 13. The extended area electron source is 
of the cold cathode type and generates electron beam 52 from the energetic impact of ions. An example of an 
extended area electron source suitable to generate electron beam 52 is manufactured by Electron Vision 
Corporation. 

15 When electron beam 52 of sufficient energy comes into contact with molecules comprising the 

polymer material of layer 16, such molecules undergo a chemical reaction, i.e., cross-linking, to the extent that 
the functional groups of the polymer material associated therewith are completely decomposed. The portion of 
line feature 54 that has become completely decomposed is shown cross-hatched and comprises a top portion 58 
(FIG. 2). The portion of line feature 54 that electron beam 52 is unable to penetrate or bombard, i.e., a bottom 

20 portion 60, remains unaffected (i.e., the polymer functional groups in bottom portion 60 are not cross-linked to 
the point of complete decomposition). Bottom portion 60 is disposed directly below top portion 58. 

Top portion 58 has different electrical, optical, and material properties relative to bottom 
portion 60. Complete decomposition of the functional groups of the polymer material causes the electrical and 
optical properties of top portion 58 to be different, increases the density of top portion 58, and decreases the 
25 porosity of top portion 58 relative to bottom portion 60. Cured top portion 58 has greater etch resistance (or, 
equivalently, a slower erosion or etch rate) than uncured bottom portion 60. Hence, in a resist trimming step 
(FIGs. 3-4) following the electron beam exposure or curing step (FIG. 2), a greater amount of lateral trimming of 
features on layer 16 (e.g., line feature 54) can occur without adversely thinning layer 16 than is conventionally 
possible. 

30 In FIG. 3, a cross-sectional view of a portion of wafer 13 during the resist trimming step is 

shown. The resist trimming step is preferably a plasma etching step. Wafer 13 is exposed to a plasma etchant 62 
to trim or reduce the dimensions of features patterned on layer 1 6. Plasma etchant 62 can comprise a variety of 
plasma etch chemistries, such as, 0 2 > HBr/0 2 , or Cl 2 /0 2 . In one embodiment, wafer 13 is in a different 
processing environment (e.g., different chamber) than for the electron beam curing step of FIG. 2. A variety of 
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standard etch systems, such as those manufactured by Applied Materials of Santa Clara, California, or Lam 
Research of Fremont, California, may be utilized to provide plasma etchant 62. 



Plasma etchant 62 etches all exposed surfaces on layer 16, including the top and side surfaces. 
However, because different portions of layer 16 have different etch rates following the electron beam curing step 
5 (e.g., top portion 58 vs. bottom portion 60), the dimensional reduction of all of the surfaces of layer 16 will not 
be the same. As shown in FIG. 3, the vertical reduction of line feature 54 is less than the lateral reduction of line 
feature 54. Specifically, top portion 58 trims vertically at a slower rate than the sides of bottom portion 60, 
temporarily making line feature 54 a "T" shaped feature. The dotted line in FIG. 3 represents the shape of line 
feature 54 before commencement of the resist trimming step. 

10 Preferably, the thickness of top portion 58 is selected such that substantially all of top portion 

58 will be consumed or etched away simultaneous with the completion of a desired amount of lateral trimming of 
bottom portion 60. The thickness of top portion 58 is determined by the penetration depth of electron beam 52 
into layer 16. By varying the energy, accelerating voltage, or current of electron beam 52 and/or the processing 
gas or wafer temperature associated with the electron beam curing step, it is possible to control the penetration 

15 depth of electron beam 52 into layer 16, or in other words, select the thickness of top portion 58. As an 

approximation, the thickness of top portion 58 is a function of the accelerating voltage of electron beam 52 and 
the relationship can be expressed as: 

0.046 V a 175 

-— r- 

where R 8 is the penetration depth in microns, V a is the accelerating voltage or energy in keV, and d is the density 
20 of the target material (e.g., layer 16) in g/cm 3 . 

The erosion or etch rate of the cured portion of layer 16 is determined by the dose of electron 
beam 52. When layer 16 has been cured with electron beam 52 having a dose of approximately 1000 \iC/cm 2 , 
the etch rate of the cured portion of layer 16 (e.g., top portion 58) using a polysilicon etch or oxide etch plasma 
chemistry is approximately 35-50% slower than the uncured or untreated portion of layer 16 (e.g., bottom portion 
25 60). A polysilicon etch typically includes the use of a HBr/Cl 2 /0 2 or HBr/0 2 etch chemistries. An oxide etch 
typically includes the use of fluorine-based etch chemistries, such as QFg/Ar/O^ 

The reduction in etch rate saturates for dose greater than approximately 2000 uC/cm 2 . In FIG. 
6, there is shown etch rates for PAR700 photoresist cured with various doses of the electron beam. The PAR700 
photoresist in FIG. 6 is provided over a silicon substrate. Each of plot lines 100, 102, 104, and 106 shows the 
30 etch rate as a function of the dose of the electron beam. Plot line 100 represents the etch rate of the PAR700 
photoresist when exposed to a HBr/0 2 etch chemistry. Plot line 102 represents the etch rate of the PAR700 
photoresist when exposed to a HBr/Cl 2 /He0 2 etch chemistry. Plot line 104 represents the etch rate of the 
PAR700 photoresist when exposed to a HBr/He0 2 etch chemistry. Plot line 106 represents the etch rate of the 
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PAR700 photoresist when exposed to a C 4 F3/Ar/0 2 etch chemistry. In one embodiment, the etch chemistry 
parameters are as follows: 

1. HBr/0 2 etch chemistry (plot line 100): 15 mT, source/bias of 100/20 W, and ratio of 
HBr/0 2 = 15/25 seem. 

5 2. HBr/Cl 2 /He0 2 etch chemistry (plot line 102): 20 mT, source/bias of 200/100 W, and ratio 

of HBr/CI 2 /He0 2 = 150/30/15 seem. 

3. HBr/He0 2 etch chemistry (plot line 104): 60 mT, source/bias of 200/90 W, and ratio of 
HBr/HeO z /He = 200/10/100 seem. 

4. C 4 F8/Ar/0 2 etch chemistry (plot line 106): 60 mT, 1700 W, and ratio of C 4 WAi/0 2 = 
10 7/500/2 seem. 

In FIG. 4, a cross-sectional view of a portion of wafer 13 upon completion of the resist 
trimming step (FIG. 3) is shown. Line feature 54 now comprises bottom portion 60 that has been laterally 
, trimmed and top portion 58 is absent, having been completely etched by plasma etchant 62. Line feature 54 after 
the plasma etch has a trimmed lateral dimension 64 and a vertical thickness 66. For example, if initial or nominal 
15 lateral dimension 56 is 150 nm, then trimmed lateral dimension 64 can approach 70 nm or less and vertical 
thickness 66 can be in the range of 1000-6000 A. 

Conventionally, for 193 nm lithographically patterned features without electron beam curing, 
features having a nominal lateral dimension of about 150 nm cannot be trimmed to less than about 1 10 nm 
without the features disintegrating during subsequent processes, such as an etch process, (i.e., due to insufficient 

20 thickness of the remaining layer 16). In contrast, by modifying the top surface of layer 16 to slow the vertical 
resist thickness loss during the resist trimming step, the resultant features patterned on layer 16 can achieve 
trimmed lateral dimensions similar to those achievable with conventional resist trimming processes but with more 
resist thickness remaining. Alternatively, the resultant features patterned on layer 16 can comprise a resist 
thickness similar to those conventionally achievable but with narrower lateral dimensions. Having a greater 

25 thickness of resist remaining increases the probability that such trimmed features will survive subsequent 
processes to be faithfully patterned onto underlying layers. 

In FIG. 5, the trimmed line feature 54 shown in FIG. 4 is patterned onto layer 14 by an etching 
step. Sufficient vertical thickness 66 of line feature 54 permits the shape of line feature 54 (with the reduced 
lateral dimension) to survive subsequent lithographic processes, such as an etching step, to pattern feature 68 into 
30 layer 14. Feature 68 is shaped similar to line feature 54 and has a lateral dimension similar to trimmed lateral 

dimension 64. Feature 68 may be, but is not limited to, a conducting line, a transistor gate, an insulating line, etc. 

In this manner, conventional photoresist materials, conventional photoresist thicknesses, and/or 
conventional resist trimming processes may be utilized to form integrated circuit (IC) features having 
significantly sub-lithographic dimensions without concerns of pattern deformation or destruction during pattern 
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transfer to underlying layer(s). Moreover, a more aggressive resist trimming process is permitted (e.g., extended 
trimming time) before destruction of pattern integrity is likely to occur due to insufficient resist thickness. With 
an electron beam curing of the developed photoresist layer 16, the electron beam selected to have specific beam 
characteristics in accordance with desirable modification to the surface of photoresist layer 16, feature 
5 dimensions may approximately be reduced by half from those provided on mask or reticle 18. 

It is also contemplated that the surface of layer 16 may be modified to slow vertical resist 
thickness loss during the resist trimrning step by a variety of other treatments. For example, layer 16 may be 
exposed to an ultraviolet (UV) light after being patterned and developed but before being trimmed with a 
wavelength at which the material comprising layer 16 is opaque. In another example, layer 16 may be cured with 
10 an anisotropic plasma, such as, N 2 , H 2 , Ar, or various fluorine, chlorine or bromine containing gas mixtures. In 
still another example, layer 16 may be chemically treated before it is exposed to a developing solution, or layer 
16 may be exposed to low energy implantation of N 2 , B, P, As, etc. 

It is understood that while the preferred embodiment and specific examples are given, they are 
for the purpose of illustration only and are not limited to the precise details described herein. Various 
15 modifications may be made in the details within the scope and range of the equivalence of the claims without 
departing from what is claimed. 
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WHAT IS CLAIMED IS: 

1. A method of trimming a feature (54) patterned on a photoresist layer (16), the photoresist layer 
(16) disposed over a substrate (12) and the feature (54) including a top portion (58) and lateral surfaces, the 
method comprising the steps of: 

modifying the top portion (58) of the feature (54) patterned on the photoresist layer (16) to 
form a modified top portion; and 

trimming the feature (54) patterned on the photoresist layer (16) to form a trimmed feature 
(54), wherein a vertical trim rate and a lateral trim rate are associated with the feature and the vertical trim rate is 
slower than the lateral trim rate due to the modified top portion. 

2. The method of claim 1, further characterized in that the vertical trim rate is a function of a dose 
of the electron beam (52) and a vertical thickness of the modified top portion (58) is a function of a current or an 
accelerating voltage of the electron beam (52). 

3. The method of claim 1, further characterized in that the trimmed feature (54) has a sub- 
lithographic lateral dimension (64). 

4. An integrated circuit fabrication process, the process comprising: 

developing a patterned photoresist layer (16), the patterned photoresist layer (16) including at 
least one feature (54); 

modifying the patterned photoresist layer (16) to form a top portion (58) and a bottom portion 
(60) of the at least one feature (54), the top portion (58) having a top etch rate and the bottom portion (60) having 
a bottom etch rate, further characterized in that the top etch rate is different from the bottom etch rate; and 

etching the patterned photoresist layer (16) to change the at least one feature (54) to have a 
sub-lithograpliic lateral dimension (64) and a sufficient vertical thickness to maintain pattern integrity. 

5. The process of claim 1 or 4, further characterized in that the modifying step includes cross- 
linking the top portion (58) to the extent that functional groups of the material comprising the top portion (58) are 
decomposed. 

6. The process of claim 1 or 4, further characterized in that the modifying step includes flood 
exposing the photoresist layer (16) to an electron beam (52). 

7. The process of claim 4 further characterized in that etching the patterned photoresist layer (16) 
includes consuming the top portion (58) and laterally etching the bottom portion (60). 
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8. The process of claim 4, further comprising selecting parameters associated with an electron 
beam (52) to configure at leaset one of the top etch rate and a thickness of the top portion (58). 



9. An integrated circuit having a feature (54) of sub-lithographic dimension (69), the feature (54) 
formed by a process characterized by: 
5 patterning the feature (54) on a photoresist layer (16) disposed over a substrate (12), the feature 

(54) patterned in accordance with a radiation at a lithographic wavelength and a pattern provided on a mask or a 
reticle (18); 

developing the feature (54) patterned on the photoresist layer (16); 

changing at least a portion of the photoresist layer (16), further characterized in that a top 
10 portion (58) of the feature (54) patterned on the photoresist layer (16) is changed to have a different etch rate 
from a bottom portion (160) of the feature (54) patterned on the photoresist layer (16); 

trirriming the feature (54) patterned on the photoresist layer (16) to a sub-lithographic 
dimension (64); and 

transferring the trimmed feature (54) patterned on the photoresist layer (16) to the substrate 
15 (14), further characterized in that the feature (6S) in the substrate (14) has the sub-lithographic dimension. 

10. The process of claim 16, further characterized in that the changing step includes curing the 
photoresist layer (16) with an electron beam (52) to form the top portion (58). 



/ 



11 



RNRnOCID: <WO 02080239 A2 I > 



WO 02/080239 



PCTAJS01/48509 



1/3 



10 




FIG.l 



BNSDOC1D: <WO_02080239A2_I_> 



WO 02/080239 



FIG. 2 



FIG. 3 



FIG. 4 



FIG. 5 



PCT/US01/48509 

2/3 




WO 02/080239 



PCT/USO 1/48509 



3/3 



RESIST ER VS EBEAM CURE DOSE (PR700 
ON 2100A POLY) 



1400 
_ 1200 
^1000 



or 

UJ 



CO 
CO 
UJ 




4000 



EBEAM DOSE (uC /cm2) 



C4F8 /Ar/02 
^r-HBr/He02 



FIG. 6 



•HBr/C/2/He02 
HBr/02 



nwcnnnirv -wo nonivwaA? 1 > 



(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(19) World Intellectual Property Organization 

International Bureau 

(43) International Publication Date 
10 October 2002 (10.10.2002) 




PCT 



i urn iniini u mm uni mi i n 111 mil uui urn mil mil 1111 iimn mi 1111 1111 

(10) International Publication Number 

WO 02/080239 A3 



(51) International Patent Classification 7 : H01L 21/027 

(21) International Application Number: PCT/US0 1/48509 

(22) International Filing Date: 

12 December 2001 (12.12.2001) 



(25) Filing Language: 



English 



(26) Publication Language: English 
(30) Priority Data: 



09/819,342 



28 March 2001 (28.03.2001) US 



(71) Applicant: ADVANCED MICRO DEVICES, INC. 

[US/US]; One AMD Place, Mail Stop 68, P.O. Box 3453, 
Sunnyvale, CA 94088-3453 (US). 

(72) Inventors: SHIELDS, Jeffrey, A.; 445 Kenmore Avenue, 
Sunnyvale, CA 94086 (US). OKOROANYANWU, Uzod- 
inma; 1939 Rock Street, Apt. #7, Mountain View, CA 
94043 (US). YANG, Chih-Yuh; L 144 Little John Way, San 
Jose, CA 95129 (US). 

(74) Agent: RODDY, Richard, J.; Advanced Micro Devices, 
Inc., One AMD Place, Mail Stop 68, Sunnyvale, CA 94088- 
3453 (US). 



(81) Designated States (national): AE, AG, AL, AM, AT, AU, 
AZ, BA, BB, BG, BR, BY, BZ, CA, CH, CN, CO, CR, CU, 
CZ, DE, DK, DM, DZ, EC, EE, ES, FI, GB, GD, GE, GH, 
GM, HR, HU, ID, IL, IN, IS, JP, KE, KG, KP, KR, KZ, LC, 
LK, LR, LS, LT, LU, LV, MA, MD, MG, MK, MN, MW, 
MX, MZ, NO, NZ, PH, PL, PT, RO, RU, SD, SE, SG, SI, 
SK, SL, TJ, TM, TR, IT, TZ, UA, UG, UZ, VN, YU, ZA, 
ZW. 

(84) Designated States (regional): ARIPO patent (GH, GM, 
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZM, ZW), 
Eurasian patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), 
European patent (AT, BE, CH, CY, DE, DK, ES, FI, FR, 
GB, GR, IE, IT, LU, MC, NL, PT, SE, TR), OAPI patent 
(BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW, ML, MR, 
NE, SN, TD, TG). 

Published: 

— with international search report 



(88) Date of publication of the international search report: 

12 December 2002 



For two-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations" appearing at the begin- 
ning of each regular issue of the PCT Gazette. 



gig (54) Title: PROCESS FOR FORMING SUB -LITHOGRAPHIC PHOTORESIST FEATURES 

(57) Abstract: A process for forming 
sub-lithographic features in an integrated circuit 
is disclosed herein. The process includes 
modifying a photoresist layer (16) after 
patterning and development but before it is 
utilized to pattern the underlying layers. The 
modified photoresist layer (16) has different etch 
rates in the vertical and horizontal directions. 
The modified photoresist layer (16) is trimmed 
with a plasma etch. A feature (54) included 
in the trimmed photoresist layer (16) has a 
sub-lithographic lateral dimension. 



< 

as 

00 

O 




13 



INTERNATIONAL SEARCH REPORT 



Int ._..al Application No 

PCT/US 01/48509 



A. CLASSIFICATION OF SUBJECT MATTER 

IPC 7 H01L21/027 



According to international Patent Classification (IPC) or to both national classification and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 

IPC 7 H01L G03F 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 



Electronic data base consulted during the international search (name of data base and, where practical, search terms used) 

EPO-Internal , WPI Data, INSPEC, PAJ 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



1 Category" 


Citation of document, with Indication, where appropriate, of the relevant passages 


Relevant to claim No. 


X 


US 5 468 595 A (LIVESAY WILLIAM R) 


1-3,5-8 




21 November 1995 (1995-11-21) 


4,9,10 


Y 




the whole document 






figures 11A-11E 




Y 


US 5 994 225 A (HSU BILL ET AL) 


4,9,10 




30 November 1999 (1999-11-30) 


1-3,5-8 


A 




the whole document 




X 


US 5 876 903 A (PRAMANICK SHEKHAR ET AL) 


1 




2 March 1999 (1999-03-02) 


2-10 


A 




the whole document 






V- 





GO 



Further documents are listed in the continuation of box C. 



Patent family members are listed in annex. 



° Special categories of cited documents : 

■A" document defining the general state of the art which is not 

considered to be of particular relevance 
■E* earlier document but published on or after the international 

filing date 

•L - document which may throw doubts on priority claim(s) or 
which is cited to establish the publication date of another 
citation or other special reason (as specified) 

'O* document referring to an oral disclosure, use, exhibition or 
other means 

'P' document published prior to the international filing date but 
later than the priority date claimed 



T* later document published after the international filing date 
or priority date and not in conflict with the application but 
cited to understand the principle or theory underlying the 
invention 

"X 1 document of particular relevance; the claimed invention 
cannot be considered novel or cannot be considered to 
involve an inventive step when the document Is taken alone 

"Y" document of particular relevance; the claimed invention 

cannot be considered to invoive an inventive step when the 
document Is combined with one or more other such docu- 
ments, such combination being obvious to a person skilled 
in the art. 

•&■ document member of the same patent family 



I Date of the actual completion of the international search 

11 September 2002 


Date of mailing of the international search report 

19/09/2002 


I Name and mailing address of the ISA 

European Patent Office, P.B. 5818 Patentlaan 2 

NL-2280HVRijswijk 

Tel. (+31-70) 340-2040, Tx. 31 651 epo nl, 
1 Fax: (+31-70) 340-3016 


Authorized officer 

Giordani , S 



Form PCT/ISA/210 (second sheet) (July 1892) 
BNSDOCID: <WO_02080239A3J_> 



INTERNATIOl . SEARCH REPORT 



Inl ..jnal Application No 

PCT/US 01/48509 



C.(Cont!nuatlon) DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 0 I Citation of document, with indication.wtiere appropriate, of the relevant passages 



Relevant to claim No. 



CHIONG K G ET AL: "RESIST CONTRAST 
ENHANCEMENT IN HIGH RESOLUTION ELECTRON 
BEAM LITHOGRAPHY" 

JOURNAL OF VACUUM SCIENCE AND TECHNOLOGY: 
PART B, AMERICAN INSTITUTE OF PHYSICS. NEW 
YORK, US, 
vol . 7, no. 6, 

1 November 1989 (1989-11-01), pages 
1771-1777, XP000249744 
ISSN: 0734-211X 
the whole document 

US 6 197 687 Bl (BUYNOSKI MATTHEW S) 
6 March 2001 (2001-03-06) 
the whole document 

PATENT ABSTRACTS OF JAPAN 

vol. 1999, no. 09, 

30 July 1999 (1999-07-30) 

& JP 11 097328 A (TOSHIBA CORP), 

9 April 1999 (1999-04-09) 

abstract 



1-10 



1-10 



1-10 



Form PCT/ISA/210 (continuation of second sheet) (July 1992) 



INTERNATIONAL SEARCH REPORT 

•formation on patent family members 



Int tc.al Application No 

PCT/US 01/48509 



Patent document 
cited in search report 


Publication 
date 


Patent family 
member(s) 


Publication | 
date 


US 5468595 


A 




NONE 






US 5994225 


A 


1f\ 11 1 QQQ 

ou— ii— iyyy 


TW 


451355 B 


21-08-2001 


US 5876903 


A 


02-03-1999 


US 


6232048 Bl 


15-05-2001 


US 6197687 


Bl 


06-03-2001 


NONE 






JP 11097328 


A 


09-04-1999 


NONE 







Forni PCT/1SA/210 (patent family annex) (July 1992) 

RNSnORIO: <WO O20eO239A3 I > 



